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(54) OPTICAL RECORDING MEDIUM 

(57)Abstract: 

PURPOSE: To increase the recording density of an 
optical recording medium. 

CONSTITUTION: A layer 2 contg. at least a saturable 
absorbing dye is disposed on the pattern forming surface 
of a transparent substrate 1 with a formed recording 
pattern. The molecular extinction coefft. &epsi; of the 
dye at the wavelength of light for reproduction is 
regulated to >104 and the relaxation time xregulated to 
1-1 00ns. A reflecting layer 3 having >70% reflectance at 
the interface between the layer 3 and the air may 
further be disposed on the layer 2. The thickness of the 
layer 2 may be regulated so as to minimize the intensity 
of reflected light due to interference to the intensity of 
light for reproduction and a naphthalocyanine dye may 
be used as the dye in the layer 2. 




* NOTICES * 

JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A recording pattern recorded as unevenness or change of an optical property on a 
transparent substrate corresponding to an information signal, In an optical recording medium for 
detecting by change of reflection of regenerated light which carries out vertical incidence from 
the transparent substrate side, and carries out a move scan relatively to a transparent 
substrate, and reproducing a signal, The molar extinction coefficient [ in / it has further a layer 
which contains saturable absorption coloring matter at least on a recording pattern, and / 
wavelength of regenerated light of this saturable absorption coloring matter ] epsilon is 

10 4 <=epsilon. An optical recording medium which exists and is characterized by the relaxation 
time tau being 1 second<=tau <=100ns. 
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[Claim 2]The optical recording medium according to claim 1 with which reflectance in a 
transparent substrate, a saturable absorption coloring matter contained layer, and an air 
interface is characterized by providing not less than 70% of reflection film one by one. 
[Claim 3]The optical recording medium according to claim 1, wherein thickness of a saturable 
absorption coloring matter contained layer is the thickness which makes reflected light intensity 
by interference the approximately minimum to light intensity of regenerated light. 
[Claim 4]The optical recording medium according to claim 1, 2, or 3, wherein saturable absorption 
coloring matter is naphthalocyanine system coloring matter. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the optical recording medium for irradiating with 
regenerated light from the substrate side, detecting the recording pattern by the unevenness 
corresponding to the information signal beforehand recorded on the transparent substrate, or 
change of an optical property by change of reflection of a reproduction light beam, and 
reproducing a signal. 
[0002] 

[Description of the Prior Art]In recent years, in the field of information storage, research on an 
optical information recording method is advanced by every place. Compared with a magnetic 
recording system, single or more figures can attain [ that this optical information recording 
method can perform record and reproduction by non-contact, ] high storage density, It has many 
advantages of being able to respond to an only for [ reproduction ] type, the added type of a 
postscript, and each memory gestalt of rewritable type, and the use broad from industrial use to 
a noncommercial use as a form which enables realization of a cheap large capacity file is 
considered. 

[0003]As an only for [ playback ] type optical recording medium, a digital audio disc (what is 
called a compact disk), an optical video disk (what is called a laser disc), or CD-ROM has already 
spread widely among above-mentioned memory gestalten. Let these optical recording media be 
the structures which generally formed the reflection film which consists of metal thin films, such 
as an Al film, on the transparent substrate in which the recording pattern by the unevenness 
corresponding to an information signal or change of an optical property was formed. 
From the transparent substrate side, it irradiates with regenerated light, such as a laser beam, 
the strength of the catoptric light is detected, and information is reproduced. 

[0004] 

[Problem(s) to be Solved by the Invention]In the above only for [ reproduction ] type optical 
recording media, in order to correspond to digitization of VTR, a high definition television (HDTV), 
etc., the further improvement in storage density is called for. The miniaturization of the size of 
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an optical recording medium is called for from operational convenience, and the further 
improvement in storage density is called for also from this. 

[0005]Although it is possible to carry out minuteness making of the recording pattern according 
to the information formed in an optical recording medium as a method of raising the storage 
density of such an optical recording medium, Since the spot diameter of the regenerated light 
which reproduces this has a diffraction limit, it will become impossible to reproduce this 
recording pattern, if minuteness making of the recording pattern is carried out not much 
[0006]Then, means, such as short wavelength formation of regenerated light, compression - izing 
of a signal code, and a raise in NA of an optical system, are examined, and super resolution 
attracts attention as a leading means also in it. 

[0007]The above-mentioned super resolution makes it a principle to make the spot diameter of 
irradiation light smaller than a diffraction limit, and to raise resolution by providing an aperture 
smaller than the diffraction limit of irradiation light in an object point position. (Reference: " J.of 
Optical) [ Charles W.McCutchen, "Superresolution in Microscopy and the Abbe Resolution 
Limit, ] Society of America, 57 (10), 1 1 90(1 967)Tony Wilon and Colin Sheppard, "Theory and 
Practice of Scanning Optical Microscopy", Academic Press (London), 1984 

[0008]In order to apply such super resolution to an optical recording medium, the aperture needs 
to move with movement on the optical recording medium of regenerated light. Then, the method 
of using the material of an optical response for a reflection film, as shown in JP,2-96926,A is 
proposed. An aperture smaller than the diffraction limit of regenerated light is made to form in a 
reflection film by using the material of an optical response for a reflection film during the above- 
mentioned invention, Making small the spot diameter of catoptric light reflected by the reflection 
film, and raising the resolution is proposed, The non-linear optical material from which an optical 
property changes with regenerated light directly as a material of an optical response, or the 
phase change material from which an optical property changes with the thermogeneration by 
absorption of regenerated light is mentioned. However, a concrete material which is suitable 
during the above-mentioned invention at this is not illustrated, but the embodiment nature is low. 
In JP,1 -143041, A and JP,1-143042,A in advance of this patent, Make thermally the field where a 
magnetic Kerr effect shows up in a magneto-optical recording playback system narrower than 
the spot diameter of regenerated light, the super resolution effect is made to reveal, and having 
attained high density recording reproduction is reported. 

[0009]Then, an object of this invention is to provide the optical recording medium for making it 
possible to reproduce the information on the high recording density by the recording pattern by 
which minuteness making was carried out rather than the diffraction limit of regenerated light by 
super resolution. 
[0010] 

[Means for Solving the Problem]In order to attain the above-mentioned purpose, as a result of 
this invention person's etc. inquiring wholeheartedly, saturable absorption coloring matter was 
used as a material of an optical response, and it found out that a super resolution phenomenon 
was realizable according to absorption saturation phenomena at the time of an optical exposure 
of this saturable absorption coloring matter. 

[001 1]Namely, a recording pattern in which this invention was recorded as unevenness or change 
of an optical property on a transparent substrate corresponding to an information signal. In an 
optical recording medium for detecting by change of reflection of regenerated light which carries 
out vertical incidence from the transparent substrate side, and carries out a move scan relatively 
to a transparent substrate, and reproducing a signal, The molar extinction coefficient [ in / it has 
further a layer which contains saturable absorption coloring matter at least on a recording 
pattern, and / wavelength of regenerated light of said saturable absorption coloring matter ] 

epsilon is 10 4 <=epsilon. It is and is characterized by the relaxation time tau being 1 second<=tau 
<=100ns. 

[0012]This invention is good in such an optical recording medium also as thickness to which 
reflectance in a transparent substrate, a saturable absorption coloring matter contained layer, 
and an air interface may provide not less than 70% of reflection film one by one, and makes the 
approximately minimum further reflected light intensity according thickness of a saturable 
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absorption coloring matter contained layer to interference to light intensity of regenerated light. 
[0013]In an optical recording medium of this invention, it is good also considering saturable 
absorption coloring matter as naphthalocyanine system coloring matter further again. 
[0014]An aperture smaller than a diffraction limit of regenerated light is formed by irradiating a 
saturable absorption coloring matter contained layer with regenerated light, and changing a 
complex index of refraction of the minimum portion of this saturable absorption coloring matter 
contained layer in an optical recording medium of this invention, Catoptric light which has a spot 
diameter smaller than a diffraction limit is obtained, and a super resolution phenomenon is 
realized. Under the present circumstances, saturable absorption coloring matter in a saturable 
absorption coloring matter contained layer will be in an excitation state to which a complex index 
of refraction changed with absorption of regenerated light from a ground state, forms an 
aperture, and returns to a ground state through the relaxation time tau. Therefore, sufficient 
sensitivity is not obtained when reflected light intensity according thickness of a saturable 
absorption coloring matter contained layer to interference to light intensity of regenerated light 
as the molar extinction coefficient epsilon in wavelength of regenerated light of saturable 

absorption coloring matter used is epsilon<10 4 is made into thickness made into the 
approximately minimum. If the relaxation time tau in wavelength of regenerated light of saturable 
absorption coloring matter is tau< 1 ns, Sensitivity with it cannot be obtained, but since aperture 
formation time is long, shape of an aperture can become being 100 second<tau with an ellipse 
form long to a scanning direction of regenerated light, and resolution cannot be raised. [ short 
aperture formation time and ] [ sufficient ] A higher effect is acquired by setting relaxation time 
tau to 1 s - 1 0 ns. 

[0015]As saturable absorption coloring matter, since a laser beam is used as regenerated light in 
many cases, what has absorption strong against a laser wavelength region (750-810 nm) is 
preferred, and a stable thing is still more nearly thermally and photochemically preferred. As such 
saturable absorption coloring matter, a cyanine system, a phthalocyanine system, and a 
naphthalocyanine system are mentioned, for example, DTTC made from EXCITON (United 
States), HITC, IR-125, IR-140, and IR-144 grade are mentioned. Especially naphthalocyanine 
system coloring matter is preferred from a point of having a big molar extinction coefficient and 
high optical stability. 
[0016] 

[Function]This invention the recording pattern recorded as unevenness or change of an optical 
property on the transparent substrate corresponding to the information signal, In the optical 
recording medium for detecting by change of the reflection of regenerated light which carries out 
vertical incidence from the transparent substrate side, and carries out a move scan relatively to 
a transparent substrate, and reproducing a signal, It has further a layer which contains saturable 
absorption coloring matter at least on a recording pattern, and the molar extinction coefficient 
epsilon in the wavelength of the regenerated light of said saturable absorption coloring matter is 
10 4 <=epsilon. 

Since the relaxation time tau is 1 second<=tau <=100ns, it is possible to take out the catoptric 
light of a spot diameter smaller than the diffraction limit of regenerated light, and it is possible to 
reproduce the recording pattern by which minuteness making was carried out rather than the 
diffraction limit of regenerated light. 

[0017] 

[Example]Although the concrete example which applied this invention is hereafter described 
based on an experimental result, it precedes describing an example and theoretical explanation is 
given about the super resolution effect by a saturable absorption phenomenon. Namely, the 
saturable absorption phenomenon of the saturable absorption coloring matter contained layer in 
the optical recording medium with which a saturable absorption coloring matter contained layer 
and a reflection film are formed one by one on a transparent substrate is searched for from a 
simple speed equation, The transmissivity to the reflection film of regenerated light was 
computed, and it asked for distribution of the reflectance as an optical recording medium in the 
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state where regenerated light is moving in the optical-recording-medium top, and the beam 
profile of catoptric light. First although it is a speed equation of the saturable absorption of a 
saturable absorption coloring matter contained layer, Saturable absorption coloring matter will be 
from a ground state in an excitation state by the absorption of light, and shall return to a ground 
state through the relaxation time tau. It thinks with an unit area (cm -2 ), and change of the 
molecularity G of a ground state is expressed like several 1 as all the molecularity N, the 
absorptivity A, the regenerated light intensity I, the regenerated light wavelength lambda, the 
velocity of light c, and Planck constant h. The above-mentioned saturable dye shall not absorb 
light at all in an excitation state. 
[0018] 
[Equation 1] 

dG (t) A I A N-G Ct) 

= + 

d t he r 

[0019]The above-mentioned absorptivity A is determined by the extinction coefficient k of a 
saturable absorption coloring matter contained layer (complex-index-of-refraction imaginary 
component), a membranous structure and thickness, and the optical constant at this time. The 
above-mentioned extinction coefficient k is expressed by the molecularity G, the thickness d, 
and the molar extinction coefficient epsilon of coloring matter like several 2. (Several 2 inside N A 

expresses the Avogadro's number.) 

[0020] 

[Equation 2] 

2. 3 0 3 a A G 

k= — 

4 ttN,> d 

[0021]Next, it asked for the relation between the above-mentioned absorptivity A and the 
extinction coefficient k by multilayer film reflectivity calculation. That is, in the multilayer film 
system as shown in drawing 1 , it asked from the formula in the regular-reflection conditions over 
a multilayer film with the structure of these films, thickness, and a complex index of refraction. In 
the above-mentioned multilayer film, when thickness of each class is made into dj and a complex 

index of refraction is made into n C j (= nj-ikj), the reflectance R, the transmissivity T, and the 

absorptivity A are expressed like a three number, several 4, and several 5, respectively. 
[0022] 
[Equation 3] 

R = 



a 21/a 



1 1 



[0023] 
[Equation 4] 
T= 1/a,, 



C n m / n i ) 



[0024] 

[Equation 5] 

A=i-R~T 

[0025]At this time, a^, a 12 , a 21 , a 22 , tj~\ Sj, and deltaj are expressed like several 6, several 7, 

several 8, and several 9. At this time, a 11f a 12 , a 21 , and a 22 , The permeability coefficient in the 

interface between j and the j+1st layers and Sj show (the reflection coefficient/permeability 

coefficient) in the interface, and, as for each ingredient of the propagation matrix of this 
multilayer film system, and tj, delta^ shows the phase shift of the light in j layer order. 

[0026] 
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[Equation 6] 




- 1 




*'exp(i Oj 
exp(-i d i ) 



s j exp(i 6 j ) 
t j " ! exp(-i 6 j ) 



. t, 



- 1 



[0027] 
[Equation 7] 

t , (n e 



+ n c 



j + 1 



) /2n c 



[0028] 
[Equation 8] 



S j 



= r 



i /t)-(n c i -n c Hi)/2n c i 



[0029] 
[Equation 9] 

5 J =2/rn c jdi/'A 

[0030]Thus, it asked for the relation between the absorptivity A and the extinction coefficient k. 
When the molecularity of the saturable absorption coloring matter of the ground state in a 
saturable absorption coloring matter contained layer changed, not only the imaginary part of a 
complex index of refraction but real part changed due to Kramers-Kronig, but coloring matter 
disregarded change of the real part refractive index by this calculation as what was distributed 
thin. 

[0031]Then, it asked for the reflectance distribution of a actual optical recording medium, and 
the beam profile of catoptric light using the above formulas. That by which the saturable 
absorption coloring matter contained layer 2 which becomes rather than consisting of saturable 
absorption coloring matter and a binder was formed as an optical recording medium on the 
transparent substrate 1 which consists of glass as shown in drawing 2 , and the reflection film 3 
which vapor-deposits aluminum was formed on it was assumed. The complex indices of 
refraction of the transparent substrate and the reflection film were assumed to be 1.5-iO and 
1.9H7, respectively. . Reflectance is set to 0 when a saturable dye contained layer is an initial 
state (the output of regenerated light is 0). Or the thickness which makes reflected light 
intensity by interference the approximately minimum to the light intensity of regenerated light 
where the regenerated light of some output is irradiated, That is, the phase of the catoptric light 
from a saturable absorption coloring matter contained layer / transparent substrate interface 
and the catoptric light from a saturable absorption coloring matter contained layer / reflection 
film interface should fulfill the thickness used as the thing shifted 180 degrees, and what is called 
nonreflective conditions, and set the complex index of refraction to 1.7H0.5, and thickness was 
assumed to be 1 nm. 

[0032]In the above optical recording media, the molar extinction coefficient epsilon of saturable 

absorption coloring matter 5x10 5 , A calculation result when the rotational linear velocity v of the 
optical recording medium was assumed for the relaxation time tau for 5 ns, the laser beam was 
assumed for the spot diameter of 1.2 m/s and regenerated light as 2 micrometers and 
regenerated light, the wavelength is 780 nm and the output is 0.6 mW is shown in drawing 3 . 
Although the initial reflectivity of this optical recording medium was 1 .4%, when irradiated with 
the above regenerated light, it turned out that reflectance as shown by a figure inner substance 
line in the center of a spot of regenerated light rises even to 10%. The transmissivity to the 
reflection film of the regenerated light in the profile, i.e., above-mentioned optical recording 
medium, of the catoptric light shown by a figure middle point line serves as shape symmetrical 
with order to the optical-recording-medium running direction shown by the figure Nakaya seal M 
like the profile of the regenerated light shown with the dashed dotted line in a figure. 
[0033]Next, although the result at the time of making rotational linear velocity v of an optical 
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recording medium into 30 m/s is shown in drawing 4 . The profile of the catoptric light shown by a 
figure middle point line serves as shape symmetrical with order like [ this ] the result of drawing 
3_to the optical-recording-medium running direction shown by the figure Nakaya seal M like the 
profile of the regenerated light shown with the dashed dotted line in a figure. The gap of the 
profile of regenerated light and the profile of catoptric light shown with the dashed dotted line in 
a figure is 2 ns as time, and is 0.06 micrometer as length. Therefore, in the above optical 
recording media, the influence which the rotational linear velocity of this optical recording 
medium has on the shape of the aperture formed in a saturable absorption coloring matter 
contained layer was small, and it turned out that the influence which it has on the profile of 
reflectance and catoptric light is small. 

[0034]The result at the time of setting relaxation time tau to 100 ns is shown in drawing 5 . The 
profile of the catoptric light shown by a figure middle point line shifts about 15 ns back to the 
optical-recording-medium running direction shown by the figure Nakaya seal M. This discrepancy 
increases in proportion to the relaxation time tau mostly. Therefore, it turned out that the 
relaxation time tau has big influence on the profile of reflectance and catoptric light. As shown in 
a figure, it shifts from a center, and it is order, and a jitter of become [ the shape of beam / 
unsymmetrical ] increases to a regenerative signal, and it causes the rise of an error rate. 
[0035]Subsequently, it calculated by having changed the output of regenerated light, and the 
relation of the reflectance in a regenerated light output, a catoptric light spot diameter, and the 
center of a spot of regenerated light was investigated. A result is shown in drawing 6 . The rate (a 
catoptric light spot diameter / regenerated light spot diameter) over a regenerated light spot 
diameter shows a catoptric light spot diameter. It turned out that the catoptric light spot 
diameter which the reflectance shown by O in a figure rises as are shown in drawing 6 and a 
regenerated light output is raised, and is shown by - in a figure also becomes large by SACHU 
ration. 

[0036]Although the relation between the reflectance in the center of a spot of regenerated light 
and a catoptric light spot diameter is shown in drawing 7 , In order to have obtained the catoptric 
light which has one half of the spot diameters of the diffraction limit of regenerated light in order 
to make a catoptric light spot diameter into about 50% of regenerated light spot diameters from 
the result of drawing 7 namely, it turned out that it is preferred to make reflectance in the 
center of a spot of regenerated light into 10 to 15%. 

[0037]These theoretical-analyses result is a result when membranous lamination is ideal on the 
physical properties of coloring matter. Although it seems that establishment of material and 
manufacturing conditions can attain this ideal condition, Here, the example 2 of an experiment 
shows the experiment from which the super resolution effect was clearly revealed in the example 
1 of an experiment although ideal conditions had shifted, and the signal was detected in change 
of the reflectance to the regenerated light output which is a phenomenon indispensable to the 
super resolution effect in a actual optical magnetic recording medium. 

[0038] Example of an experiment In the example of 1 experiment, the optical recording medium 
was actually manufactured and the situation of change of the reflectance at the time of 
irradiating this optical recording medium with regenerated light was investigated. First, the 
complex index of refraction of the saturable absorption coloring matter contained layer was 
measured. Bis(tri-n-hexyl siloxy)silicon naphthalocyanine as shown in ** 1 as saturable 
absorption coloring matter (henceforth) SINC is called — using — as a binder — the 
polymethylmethacrylate (henceforth) of the molecular weight 400,000 PMMA is called. It uses 
and these were dissolved in chloroform, on the glass substrate which is a transparent substrate, 
it applied with the spin coat method, thickness was changed to 100-200 nm, and the saturable 
absorption coloring matter contained layer was formed. The mixture ratio (weight ratio) of SINC, 
PMMA, and chloroform is 2:15:500. 

PMMA performs stirring and heating over several hours, and SICN performed stirring by an 
ultrasonic cleaner and it made it dissolve it thoroughly in the case of these mixing. 



[0039] 
[Formula 1] 
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R = C 6 .H 13 



[0040]Thus f measurement of the transmissivity of the obtained saturable absorption coloring 
matter contained layer and reflectance was performed. A result is shown in drawing 8 . O in a 
figure shows the transmissivity of this saturable absorption coloring matter contained layer of 
1 70 nm of thickness, the transmissivity of the medium reflectance, a figure middle point line, and 
whose solid line of - in a figure are complex-index-of-refraction 1.7— i0.3, and reflectance. The 
transmissivity of the medium which is complex-index-of-refraction 1 .7H0.3 shown by the result, 
figure inner substance line, and dotted line which are shown by O in a figure and and which 
were surveyed, and reflectance are well in agreement, and it is judged that the complex index of 
refraction of the surveyed saturable absorption coloring matter contained layer is 1.7H0.3 so 
that they may be known seeing these results. 

[0041]Next, the thickness of the saturable absorption coloring matter contained layer produced 
the optical recording medium using the transparent substrate which is 170 nm. That is, the 
reflection film which consists of a vacuum evaporation film of aluminum was formed on the 
saturable absorption pigment layer formed on the transparent substrate. Under the present 
circumstances, it vapor-deposited by the very general method using EVD-500A by Japanese ** 

Anelva CORP. on degree-of-vacuum 3x10 " 4 Pa and the conditions of about 2 nm/s of deposition 
rates as an evaporation apparatus. Thickness set to 400 nm and this performed measurement 
and a check in the thickness gage of the crystal oscillation. 

[0042]And the reflectance of the above-mentioned optical recording medium was measured 
according to the optical system as shown in drawing 9 . The above-mentioned optical system is 
constituted by the semiconductor laser (LD) 4 which is a source of regenerated light, the 
polarization beam splitter (PBS) 5 which divides regenerated light and catoptric light, the 1/4 
wavelength plate (Qup) 6, and the focus lens 7. The regenerated light shown by the figure 
Nakaya seal L irradiated from the semiconductor laser (LD) 4 penetrates the polarization beam 
splitter (PBS) 5, the 1/4 wavelength plate (Qup) 6, and the focus lens 7, and is irradiated by the 
optical recording medium 8. The optical recording medium 8 glares, and as catoptric light shown 
by the figure Nakaya seal R, regenerated light penetrates the focus lens 7 and the 1/4 
wavelength plate (Qup) 6, is divided by the polarization beam splitter (PBS) 5 from the 
regenerated light L, and is detected. The optical recording medium 8 is laid on the rotating disc 
which is not illustrated, and is made as it is pivotable. Rotational linear velocity of the optical 
recording medium 8 at this time was made into 1.5 - 4.5 m/s, and the output of the regenerated 
light at the time of irradiating with the wavelength of regenerated light 781 nm and the optical 
recording medium which are laser wavelength regions was measured by being referred to as 0.4 
in NA of 1-10 mW and the focus lens 7. 

[0043]As a result, the phenomenon which the reflected light intensity of the minimum part of the 
optical recording medium which is equivalent to the focal position of regenerated light increases 
was seen as the output of regenerated light rose. Under the present circumstances, there is no 
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change in regenerated light intensity, and it was checked that reflectance is rising. 
[0044]The output of regenerated light and change of the reflectance in the focal position of 
regenerated light are shown in drawing 10 . It was checked that reflectance is changing with 
change of the output of regenerated light. The output of regenerated light follows on changing to 
0-10 mW, and reflectance is changing from 10% to 20%. It seems that this is based on the effect 
of the saturable absorption of a saturable absorption coloring matter contained layer. 
[0045]The result of having asked for change of the reflectance at the time of changing the 
extinction coefficient of the saturable absorption coloring matter contained layer of such an 
optical recording medium by survey is shown in drawing 11 . In the optical recording medium of 
this example of an experiment, it is checked that the extinction coefficient k of a saturable 
absorption coloring matter contained layer is 0.3, and when the extinction coefficient fell in 0.2 
by the exposure of regenerated light in this optical recording medium from the result of drawing 
seems that reflectance improved from 1 0% to 20%. Therefore, it seems that change of the 
reflectance generated in the above optical recording media broke out since the complex index of 
refraction of this saturable absorption coloring matter contained layer changed with the effects 
of the saturable absorption of a saturable absorption coloring matter contained layer. 
[0046] Example of an experiment In the example of 2 experiments, the detailed recording pattern 
below the diffraction limit of regenerated light was formed in the actual optical recording medium, 
and the experiment which reproduces this by super resolution was conducted. First, the sample 
was produced. In the usual optical recording medium, although the recording pattern is formed on 
the transparent substrate with the cycle of 1 micrometer/bit, In the optical recording medium of 
this example of an experiment, the recording pattern was formed with the cycle of 0.3micrometer 
[ bit ] /, i.e., 0.6 micrometer, as an object for super resolution on the transparent substrate 
(glass 2P disc substrate 120 mm in diameter), and the saturable absorption coloring matter 
contained layer and the reflection film were formed one by one on this. 

[0047]The above-mentioned saturable absorption coloring matter contained layer was formed on 
the transparent substrate with the spin coat method using PMMA using SINC like the example 2 
of an experiment as a binder like the example 2 of an experiment as saturable absorption 
coloring matter, using cyclohexanone as a solvent. When mixing these, after carrying out heating 
stirring mixing of PMMA1.31g and 38.7 g of the cyclohexanone, 0.262g of SINC(s) were added and 
distributed heating mixing by an ultrasonic cleaner was performed. That is, the weight ratio of 
SINC and PMMA is set to 1 :5. When applying on a transparent substrate with a spin coat 
method, it applied using the Mikasa, Inc spin coater at the number of rotations of 2000-2400 rpm 
of maximum engine speed. Then, in order to dry a solvent, it was neglected in the vacuum of 80 
** of ambient temperature for 2 hours. 

[0048]Thus, the thickness of the obtained saturable absorption coloring matter contained layer 
was about 150 nm. The transmission spectrum of the substrate with which this saturable 
absorption coloring matter contained layer was formed is shown in drawing 12 . As it was known 
seeing a figure, transmissivity in case the wavelength of irradiation light is 780 nm of a laser 
wavelength region was 30%. 

[0049]Although the relation between the thickness of this saturable absorption coloring matter 
contained layer at the time of forming the above saturable absorption coloring matter contained 
layers on a flat glass substrate, transmissivity, and reflectance is shown in drawing 13 , O in a 
figure shows the transmissivity of this saturable absorption coloring matter contained layer, the 
transmissivity of the medium reflectance, a figure middle point line, and whose solid line of - in a 
figure are complex-index-of-refraction 1.7H0.45, and reflectance. The transmissivity of the 
medium which is complex-index-of-refraction 1.7H0.45 shown as the result, figure middle point 
line, and solid line which are shown by O in a figure and - and which were surveyed, and 
reflectance are well in agreement so that they may be known seeing these results, It is judged 
that the complex index of refraction of the surveyed saturable absorption coloring matter 
contained layer is 1 .7H0.45. 

[0050] Subsequently, the Au film was formed with the vacuum deposition method as a reflection 
film on the saturable absorption coloring matter contained layer of 150 nm of thickness formed 
on the transparent substrate in which the recording pattern for super resolution was formed. 
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Using the vacuum deposition machine by a Showa vacuum company as a vacuum deposition 
machine, it was considered as degree-of-vacuum 3x10 ~ 4 Pa and the deposition rate of 0.4nm/s, 
and vapor-deposited by the very general method. The thickness of the reflection film was 80 nm. 

[0051]Next, signal regeneration of the optical recording medium produced by doing in this way 
was performed. In the optical recording medium of this example of an experiment, a 
0.3micrometer/bit signal is formed as a recording pattern for super resolution as mentioned 
above. Since this recording pattern is a signal more detailed than the diffraction limit of 
regenerated light, unless a super resolution phenomenon occurs, it is unreproducible. 
[0052]Then, rotational linear velocity of the optical recording medium was made into 3.7 m/s, the 
wavelength of regenerated light was 780 nm of a laser wavelength region, NA of the focus lens 
was set to 0.53, the output of regenerated light was changed to 1 mW - 10 mW, and the 
recording pattern was reproduced, the cutoff space cycle (2 NA/lambda) of Modulation 
TransferFunction (MTF) of this optical system is 0.74 micrometer — the signal of 0.3micrometer 
[ bit ] /, i.e., the cycle of 0.6 micrometer, — usually — coming out — it cannot read. As a result, 
when the output of regenerated light was 1 mW, some regenerative signal was acquired, and 
when the output of regenerated light was 2.5 mW, as shown in drawing 14 . the signal with a 
frequency of 6 MHz was acquired by CNR=19.4dB. Then, although it reproduced similarly 
considering the rotational linear velocity of an optical recording medium as 10 m/s, when the 
output of regenerated light was 4 mW, the signal with a frequency of 6 MHz was acquired by 
CNR=18dB. It turned out that the above signal regeneration experiments have 1000 times or 
more of reproducibility, and the optical recording medium of this example of an experiment is 
stabilized dramatically. 
[0053] 

[Effect of the Invention]This invention the recording pattern recorded as unevenness or change 
of an optical property on the transparent substrate corresponding to the information signal, In 
the optical recording medium for detecting by change of the reflection of regenerated light which 
carries out vertical incidence from the transparent substrate side, and carries out a move scan 
relatively to a transparent substrate, and reproducing a signal, It has further a layer which 
contains saturable absorption coloring matter at least on a recording pattern, and the molar 
extinction coefficient epsilon in the wavelength of the regenerated light of said saturable 

absorption coloring matter is 10 4 <=epsilon. 

Since the relaxation time tau is 1 second<=tau <=100ns, it is possible to take out the 
regenerated light of a spot diameter smaller than the diffraction limit of regenerated light, it is 
possible to reproduce the recording pattern by which minuteness making was carried out, and 
dealing with high-density-recording-ization enough is possible. 

[0054]Without making a large change of a regenerated light study system, and a large change of 
an information storage method, this invention can raise storage density and can attain about 4 
times [ of the conventional optical recording medium ] the storage density. It becomes possible 
to raise storage density substantially further according to concomitant use with the high- 
density-recording-ized art realized by change of a regenerated light study system or an 
information storage method, and the industrial value is dramatically high. The realization of the 
added type of a postscript and the optical recording medium of rewritable type which could apply 
also to the added type of a postscript which has a recordable layer, and the optical recording 
medium of rewritable type and whose storage density improved remarkably is also possible for 
this invention. 

[0055]In this invention, the reflectance in a transparent substrate, a saturable absorption 
coloring matter contained layer, and an air interface may provide not less than 70% of reflection 
film one by one in such an optical recording medium, Consider it as the thickness which 
furthermore makes the approximately minimum reflected light intensity according the thickness 
of a saturable absorption coloring matter contained layer to interference to the light intensity of 
regenerated light, or let saturable absorption coloring matter be naphthalocyanine system 
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coloring matter. 

Therefore, a still higher effect can be acquired. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a mimetic diagram showing a multilayer film system. 
[Drawing 2] It is a sectional view showing the structure of an optical recording medium. 
[Drawing 3] It is a figure showing an example of the beam profile of the reflectance distribution of 
the optical recording medium for which it asked by calculation and regenerated light, and 
catoptric light. 

[Drawing 4] It is a figure showing other examples of the beam profile of the reflectance 
distribution of the optical recording medium for which it asked by calculation and regenerated 
light, and catoptric light. 

[Drawing 5] lt is a figure showing the example of further others of the beam profile of the 
reflectance distribution of the optical recording medium for which it asked by calculation and 
regenerated light, and catoptric light. 

[Drawing 6] It is a figure showing the relation of the reflectance in the regenerated light output 
for which it asked by calculation, a catoptric light spot diameter, and the center of a spot of 
regenerated light. 

[Drawing 7l lt is a figure showing the relation between the reflectance in the center of a spot of 
regenerated light, and a catoptric light spot diameter. 

[ Drawing 8]It is a figure showing the transmissivity and reflectance to thickness of the saturable 
absorption coloring matter contained layer used in the example 2 of an experiment. 
[Drawing 9 ]It is a mimetic diagram showing the optical system which measures the reflectance of 
an optical recording medium. 

[Drawing 10] It is a figure showing the relation of change between the output of regenerated light, 
and the reflectance in the focal position of regenerated light. 

[Drawing 1 1 ] It is a figure showing change of the reflectance at the time of changing the 

extinction coefficient of a saturable absorption coloring matter contained layer. 

[Drawing 12] It is a figure showing the transmission spectrum of the substrate with which the 

saturable absorption coloring matter contained layer used in the example 3 of an experiment was 

formed. 

[Drawing 13] It is a figure showing the relation between the thickness of the saturable absorption 
coloring matter contained layer used in the example 3 of an experiment, transmissivity, and 
reflectance. 

[Drawing 14] lt is a figure showing the regenerative signal of the optical recording medium used in 
the example 3 of an experiment. 
[Description of Notations] 
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1 .... Transparent substrate 

2 .... Saturable absorption coloring matter contained layer 

3 .... Reflection film 

4 .... Semiconductor laser (LD) 

5 .... Polarization beam splitter (PBS) 

6 .... 1/4 wavelength plate (Qup) 

7 .... Focus lens 

8 .... Optical recording medium 
L .... Regenerated light 

R .... Catoptric light 



[Translation done.] 
* NOTICES * 
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siKiRfi^^eronrgafoKJisi©^}; ^ o njfia?a© 
jRfe^*s o&mmm m^it us^c* tis t tz t>© 

[0 0 4 6] 2 
ofc. ®^©)tf3^«t^(Ci3UT«, 1/tm/b 1 t© 



(6) ^H¥6-24 3 50 8 

10 

tfm/bi t, ta^o. 6 umvmm-vmm&tii 

(|Sgl 2 0mm©^5X2P^Xi7S«) ±»Cfe& 

/t* u ::©±»cpjffifPKiRfi^*g, s 

[0 0 4 7] ±Gl?fiftyftJKfiX&*J|tt. BjggSlKitZ 
fi^<hbT5l^2tH^»rS I NC^fflK /W>? 

-tvxmmm2 tmm\zPMMA*m\,\ ®Mtvx 

£±KJ*f&L&. ft:fc> dn&fcB^TSRCtt. PM 
JO MAI. 3 1 gi->^n^t;>3 8. 7 gSMftJS 
SINCS0. 2 6 2 ggsJnUTj&g* 
iJfe^SJci^mJn^Ji^ffofc. -Tftfc^, SIN 
CtPMMAWaaJtttI : 5t&5. Xtf>3-hj£ 

\z «t o 8gjg«±ic&#t 2>®fc «u 5 #tm§g©x tr 

>3-^-®«ViT, S^[iieSc2 000~2 400r 
pm©@ifeSfcT^**fTo«:. *■©&, 
it5fc»l;:f?i!letfam8 ccoXS^K: 2SHW;ft@C 

[0048] Z<D£o\Z VTm nfcWSSfn©iRfe^^ 
57 ti©IiH15 0nmSSTa&ofc. £©pJ& 

fa®iRfi^wg©^filc3nfcaffi©3jax^^ 
mi2\zmtc ®*%Tt>frZ£5\z, mMK<0®.&& 
V— tfi£6«S©7 8 0 nmTJ&S^f©S3i^«3 0%T 

[0 0 4 9] *&, Ji|E©«k5ftprsa»!RiR6^*g 
§¥fift^7 X*«±{C^L^»^©fePlfiaiP!»iRfe 
I^WJl©««i3®5$Rr^t^©WfiS£01 
-f*t> 0«PO«KBlffifn©JRe*^WS©S3i^, 0* 

•ttsst^, n*mfkmmmvmm%\&\. 7-1 
5» 0. 4 5-c&zm#<Dmmm, ctie.© 

- i 0. 4 5TS5fiS#CDSfi*, sw$«<t<-Sb 
TfeO, 5IS13nfcWfia?nKJRfe3R-&#S©«5gffl»fi?s 
1. 7-i0. 4 5T*2>t:pJ»f3n-5. 

[0050] ^^t. jg##fflie®/i*->©j&j&sn 

feSBJ*S±fc^$n^>KJ* 1 5 0nm©Bj«gftKiR 

40 mm^miK m^&sx 10-* pa, mmu-bo. 

ttfc, S*fK©IPSK8 0 nmfjot. 

[0051] ;:©«k5icLTf^©3nfc^E®jK 

^©m^S^^ffofc. S(i^©J;5(r2f:||Kf»l©^fB® 

jifrjc^^Ttt, 0. 3 um/b i tomntfmm&m 

«S^7t©I5l$TlS^J:»5'fe^«g^«^T*SfcJ6. jfiff 

[0 0 5 2] fCT, JtE®!Sfr©Iie«ISS<£:3. 7 
50 m/stU H^©JS[S& I/— »f SftJ^© 7 8 0 n m 
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(7) 

11 

©to;*j£ lmW~l OmW£T^fc£-tfTfE®/t*-> 
©S^fro/t. £©)t^&©Modu 1 a t i on 
Transfer Function (MTF) <DJjy 
h*7&fflmM (2NA/A) ttO. 7 4MnTC£t). 
0. 3(jm/bi t, tftb^O. 6»mH|0||fli 

2. SmWT&SlStcte, mi4\z^r?£olz, mte& 
6MHz©fi^CNR=19. 4dBT#£>n&. E 10 
©&. 3tfE®«#:©[I«BKi£g£ 1 Om/s «hUTI^« 

IC. MSS6MHz©H^iCNR=18dBTff,tl 
&. ±!E©«fc5fcfi^B£ili&«l 0 0 0®eUi©B3i 

#*Sfcw©ftie@<i^i#^i::*:£Ufc*>© 

[0 0 5 3] 

£*tl 0 4 ^£ 77*0. SfPHMrAtlnsgi^l 
0 0ns T?&5;fc©> ?§£3fe©H!ilT[8#.i; t) *>'h£ V>X 

[0 0 5 4] *^W«S^t#?S»^:ifi^M, 30 

«ffii2®#5£©;MIft£M£fT5;i£fc<. IB@®g£ 

tr, n&ye¥m*>mmmmtt<»mi.\z&r)mm-2nz> 
m®gmmK8mt<Dmm\z*. x> a *>\zm®mm&*;<& 

#©ISSi ! feoJire&£. 40 
[0 0 5 5] £fc*»9ilc:&V»Tfct> H©±5ftdtSafl 



#W6-2 4 3 5 0 8 

if* c £ fc i Q X£Ki*»S&fts ^ 

*. 

[■BOffiVfflMI] 

mi] #*Bi»**"rKa:HT**. 

[0 2] 3fciB®J«#©*8&£^t1Sr®0-C$>.5. 

[0 3] »r»fcJ:-3T*»&3tga»li*©E«*»#ft 

[04] fr*K±oT*»^B»«E#©E»*#*ft 
im£3fc, S«-^©bf-A^n7 7-f;W©ffi©0lJS^-r 
0T?&S. 

[0 5 ] ttJUCfc oT*»&fc«e»«tft:©S»*»*R 

tmfe*. J*-?™? r -i)i<D-£t>\zm<Dm 

£avr0T&5. 
[0 6] tH»fc±-3T*8&fcS±3tffl*iR«*X#y 

T0T&-2>. 

[0 7] H**©^#y h1»ifett*»-*Si**tR«* 

hS©H«£^-r0T»S. 
[0 8] ^»«2T?«VifcHffifn!»lR6ltl^Jg©lgJ|t 

[0 9] ttSBS«#©KSt*©W££fT3^*£j*'r 
«3£0T££. 

[010] S43t©m*tS*3t©«(jjSitt«Tf©KJt* 
©S-fk©SI^S^0Ta&-5. 

[011] WfiSln!»«fi5S^e©.?8S#»S3EflsS-& 

[012] ^»«3T?ffiV>fclMa»!RiRfi^*Ji©^ 

js£sn;ta«©3iax^ hjv^-r0-ca&^.. 

[013] £»W3TEV>fcW«&?tJ!ftlRfe3&^*Jf©IS 

[014] *»W3TfflVifc)tl2»«Jtfl:©S^#** 
T0T&5. 
[»^©SJW] 
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